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Executive Summary
Melanin has many important properties such as scavenging free radicals, UV absorption,
and protection against a host’s immune system. A natural application that corresponds to
melanin’s UV absorbance is in the cosmetic industry where the pigment melanin provides can
also be utilized. Melanin from black knot fungus was used because it is a common disease found
on cherry, plum, and apricot trees3. If left untreated or removed, the knots will eventually kill
the tree3. Rather than pruning and discarding the fungus, it can be utilized for application
purposes. The melanin extraction procedure that was previously developed5 was examined for
optimization opportunities to reduce the number of steps needed as well as to increase the yield
of the final product.
The TOMRA dry peel separator could be used to optimize the scraping step. Its capacity
ranges from 6000-40000 kg/h and retains a consistent 0.3% of the woody part of the fungus. The
irregular shape of the black knot suggests that a ginger peeling machine could be used. The
capacity ranges from 300-2000 kg/h depending on the model. The ginger peeler uses water so
the ball mill step in the extraction would need to be replaced with a wet ball mill. Because of
this, the TOMRA dry peel separator would be ideal to replace the scraping step with how the
procedure is written because of its ability to separate without the use of water thus dry ball
milling could continue to be used. The capacity is also much higher than the ginger peeler.
Three methods were examined for optimizing the extraction of melanin, the first was
dissolving a whole black knot in NaOH during the autoclave step to eliminate the necessity of
scraping. The second was varying the NaOH concentration used in the autoclave step at values
of 0.5M, 1.0M, and 1.5M. The third was to only perform acid reflux on the sample.

The melanin extracted by dissolving a whole black knot in NaOH was not as pigmented
as that from the original procedure. The IR of the whole knot in NaOH was inconsistent with the
common 1500 cm-1 amide I, 1600 cm-1 amide II, and 1700 cm-1 C=O peaks found in literature5.
The yield of the varying NaOH concentrations was 1%, 11%, and 10% for 0.5M, 1.0M, and
1.5M respectively. Performing acid reflux only on the sample produced a product that was very
pigmented and had a fine texture. The yield for the acid reflux only procedure was about 40%.
The IR for the acid reflux only sample showed the typical peaks associated with melanin. It also
showed a 1300 cm-1 and 1500 cm-1 RAMAN peaks5,9 and the 2300 cm-1 peak when exposed to
1.11 W/cm2 of UV for 5 minutes, both of which indicate melanin.
Dissolving the whole black knot in NaOH is not a reasonable extraction procedure to
follow despite its elimination of scraping because of the inconsistent final product. When
varying the NaOH concentration in the autoclaving step, the lowest concentration while still
maintaining the final yield of product was 1M NaOH. If the original procedure is followed, 1M
NaOH would be the optimum concentration to use. Following the acid reflux only procedure
seems to be the optimal procedure based on the high yield of 40%. The tests that were
performed on the final product have confirmed the presence of melanin. The BFD for the
original and optimized extraction procedure can be found in appendix A.
The UV absorbance of melanin increases with increasing concentration in PVA films
from 0 mL – 1 mL. For products such as cosmetics, if melanin is used for pigmentation
purposes, it can also provide protection from UV rays and reduce the damage these rays cause to
skin.
The research project has helped me gain personal and technical skills that can be applied
to a future career. Personally, I gained confidence in analyzing a problem and thinking through a

solution. I have also gained many technical skills such as how to perform IR spectroscopy, the
use of SEM images, RAMAN, and testing UV absorbance. I also have a better understanding of
how to search for, apply, and combine past research to help answer questions or create new
procedures.
For future research, further tests could be performed to further confirm the presence of
melanin and the quality of the extracted sample from following the acid reflux only procedure
such as NMR characterization and attenuation x-ray. This would help solidify this procedure as
the optimized extraction for a high yield while maintaining the quality of the product. Outlining
and discussing specific project goals before starting the project as well as throughout its
endurance should also be performed to maintain an orderly work experience.

Introduction
Melanin is a dark, naturally produced pigment found in many different organisms
including animals, plants, and microorganisms1. It is what gives skin, feathers, and hair its
pigment but it also is the source of pigment for certain fungi and black garlic1. Melanin is a
hydrophobic biomacromolecule that is negatively charged and insoluble in water, acid, and
organic solvents1. In fungi, melanin is packaged into vesicles called melanosomes which are
then trapped in the cell wall forming layers2. The melanin is anchored to the cell wall by a long
chain polymer called chitin2. Biologically produced melanin is categorized into three types,
eumelanin, pheomelanin, and allomelanin with eumelanin being the most common in animals
and microorganisms1. Pheomelanin contains sulfur and generally has a red or yellow tint such as

that found in the hair of red headed individuals1. Finally, allomelanin is most commonly found
in plants1 and is what will be studied here.
Melanin has many important properties that cause it to be of interest to researchers when
looking at future applications. It has a protective function for fungi against a host’s immune
response thus making it an important target when researching antimicrobial drug delivery2. Due
to melanin’s unpaired electrons, it can act as an antioxidant by donating or excepting electrons
which then allows it to scavenge and neutralize any free radicals1. It has been found that an
increase in melanin concentration causes a linear increase in scavenging ability making melanin
an interesting compound to study in food and biomedical research when looking to prevent
damage by reactive oxygen1. Melanin has also been shown to have an ability to absorb UV
light1. A natural application from this property, along with its naturally produced pigment, is in
products that provide protection from the damages of UV such as in cosmetics1. This property
makes the extraction of melanin a very useful process to study.
The source of melanin that was used for this research was from black knot fungus (BKF),
a common disease found on cherry, plum, and apricot trees3. If left untreated or removed, the
hard swollen knots will eventually kill the tree3. Because these knots have a black outer layer
and are fairly common, they are an interesting source for the extraction of melanin which could
then be used for the applications discussed above rather than the knots simply being pruned and
discarded. The goal of this project was to optimize the extraction process of melanin from the
black knot fungus by as well as to analysis the feasibility of its possible applications,
predominantly focusing on its UV absorbance

Background
Previous research has been done on the extraction of melanin from black oat which was
extracted using an alkaline method4. They first performed acid hydrolysis to remove
carbohydrates and proteins which they then washed in an organic solvent to remove lipids. After
repeated precipitation, the extraction yield was 5 mg of melanin for 1 g of starting material4. The
small yield from this extraction could be a result of limited amount of melanin available in the
raw material or due to the extraction procedure.
There has been extractions done using black garlic as well1. The garlic was mixed with
1M NaOH and autoclaved at 120 C for 20 min. The supernatant was collected and melanin was
precipitated using 36.5% HCl solution until the pH reached 1.0. The precipitant was washed
with water, dissolved in 1M NaOH, and precipitated as before with HCl. This process was
repeated three times. Finally, the precipitated melanin was collected after being washed, air
dried, and ground to achieve a fine powder1. This process has few steps but each is repeated
several times which could be inefficient when considering the process on the production scale.
The original procedure that this research was based on is work done previously with the
extraction of melanin from BKF5. It consists of seven main steps: scraping the BKF, ball
milling, cleaning, dissolving the melanin, HCl precipitation, HCl reflux, and washing5. The
process flow diagram for this original procedure is shown in figure # of appendix A. The yield
for the extraction is 10%5 which is much higher than the yield from the black oat study. Because
this procedure was developed to find a way to extract melanin from a new source, its
concentrations and individual steps in the process have not been analyzed for possible
optimization opportunities to either increase yield or reduce cost. This process provides the basis
for the extraction of melanin that will be the focus of the optimization.

Experimental Methods:
Original procedure
10 g of scrapped BKF powder was ball milled for 1 hr until the powder was very fine
then boiled in 100 mL of water for 10 min to kill any bacteria. This solution was then
centrifuged at 7700 rpm for 20 min, the supernatant was discarded. The sediment was dissolved
in 200 mL of 1M NaOH and autoclaved on liquid cycle at 120 C for 20 mins. The autoclave step
was then repeated and the solution was centrifuged again, this time the sediment was discarded.
The dissolved melanin was then precipitated using 12M HCl until the pH was 1.0 and then
centrifuged at 7700 rpm for 20 min. The sediment was added to 40 mL of 6M HCl for acid
hydrolysis at 120 C for 1 day to break down the chitin. The sediment was washed with DI water
three times, ethanol once, and DI water again at 7700 rpm for 20 min for each washing. The
final product was freeze dried for two days.
Whole black knot in NaOH
A whole black knot fungus, about 84 g, was added to 400 mL of 1M NaOH to ensure the
entire knot was covered in the solution. This was autoclaved and the original procedure for
melanin extraction after the autoclave step was followed as before. After HCl precipitation, the
solution was only centrifuged once to separate the sediment. The remaining procedure was the
same as the original procedure followed to obtain the final product. Samples were taken without
performing acid reflux and after performing acid reflux to compare the IR spectra.
Varied NaOH concentration

The original procedure was followed for these trials except the NaOH concentration used
in the autoclave step was either 0.5M, 1M, or 1.5M. The solution was also centrifuged only once
to separate the sediment after HCl precipitation.
Acid reflux only
1 g of scrapped and ball milled BKF powder was boiled in 100 mL of water for 10 min to
kill any bacteria. This solution was then centrifuged at 7700 rpm for 20 min, the supernatant was
discarded. The sediment was added to 20 mL of 6M HCl for acid reflux to break down the chitin
and wood products. The solution was centrifuged at 7700 rpm for 20 min to separate the
sediment and the supernatant was discarded. The sediment was washed with DI water three
times, ethanol once, and DI water again. The product was freeze dried for two days.
PVA films
The PVA films were made based on previous research8. 2 g of PVA was added to 40 mL
of water to make a 5 wt% solution and 2 wt%/vol of glycerol was added as a plasticizer. The
solution was heated to 85 C to dissolve the PVA. A solution of 1 mg/mL melanin in 1M NaOH
was made to add to the PVA/water solution to reduce the chance of large particle in the film.
Three solutions were made of varying concentration of melanin. The first solution was 10 mL
PVA/water, 2 mL NaOH, and no melanin. The second solution was 10 mL PVA/water, 1.5 mL
NaOH, and 0.5 mL melanin solution. The third was 10 mL PVA/water, 1 mL NaOH, and 1 mL
melanin solution.

Results and Discussion
Optimization of the scraping step

Figure 1: TOMRA dry peel separator (DPS)

Figure 1 shows a dry peel separator that could be used to optimize the scraping step in the
extraction procedure. Scraping the melanin containing outer layer from the BKF is very time
consuming and tedious. The process could be greatly improved and made more efficient if that
step is switched from manual to automatic. The TOMRA DPS capacity ranges from 6000-40000
kg/h capacity. It has a stainless-steel drum with perforated panels that can be tailored to each
product, typically vegetables but could be used on the fungus. The drum rotates at high speeds
enabling the peel waste, here the desired product, to flow to the dry-waste pump. The mixing
agitator ensures continuous mixing and transfers the skin to the drum. This peeler does not
require water or the use of a brush to remove loose peel. It also maintains quality of product by
removing only 0.3% of good flesh, for the purposes here, that would mean only 0.3% of the
woody part of the fungus would make it into the further extraction steps10.

Figure 2: Ginger peeling machine

BKF has an irregular shape that is similar to ginger so an industrial ginger peeler could
also be a natural option, shown in figure 2. Depending on the model, the peeler’s capacity can
range from 300-2000 kg/h. The outlet has a manual control of discharge and uses a spray nozzle
to help remove the peel. Because this machine using water to help remove the peel, the product
after peeling would need to either be dried before being ball milled or a wet ball mill would need
to be used for the next extraction step. The peeler also has different size and roller options for
depending on the product to be peeled11.
Either of these peelers could be another way to optimize the extraction of melanin.
Because of the irregular shape of the fungus, scraping is tedious and requires a lot of manual
energy. By automating this step, the extraction process could be much more reasonably moved
to a plant setting.

Whole knot

Figure 3: Extracted melanin from the original procedure and from soaking the whole BKF in NaOH.

The images shown in figure 3 are the visual result from dissolving the whole black knot
in NaOH before the acid reflux step and after acid reflux vs following the original extraction
procedure. The original procedure gave a very dark, fine powder. Before acid reflux, the
powder was a brown color and slightly coarse. After acid reflux, the sample darkened in color
and became even more coarse, almost chunky. The resulting sample following the whole knot
procedure was not as dark as the sample following the original procedure. Because of this
difference, the sample would not provide as much pigmentation and could contain some sort of
contaminant.
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Figure 4: IR from extracted melanin from the original procedure and from soaking the whole BKF in NaOH

The peaks that are typically looked for to confirm the presence of melanin are the 1500
cm-1 amide I, 1600 cm-1 amide II, and 1700 cm-1 C=O5. To examine product quality, the absence
of a 1000 cm-1 C-O-C peak is necessary to ensure there is no chitin in the final product5. Chitin
is a fibrous substance found in the cell walls of fungi. From figure 4, it can be seen that the
original procedure as well as the whole knot procedure without acid reflux show the 1500 cm-1,
1600 cm-1, and 1700 cm-1 peaks as well as the absence of the 1000 cm-1 chitin peak. However,
after the whole knot sample had gone through acid reflux, the IR spectra showed many
inconsistent peaks. It is for this reason that the whole knot extraction procedure is not
considered a reasonable procedure to follow as it gives inconsistent results. Despite the fact that

it diminishes the extraction effort by removing the scraping step, the low quality of final product
does not make it a reasonable extraction procedure.

Varied NaOH
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Figure 5: Plot of the final melanin yield using 0.5M, 1M, and 1.5M NaOH when autoclaving

IR was performed on samples using 1M and 1.5M NaOH in the autoclaving step of the
extraction process as shown in figure 4. 1M NaOH is what is used in the original procedure but
was used here as well to make a new batch of melanin instead of using past samples to ensure the
extraction results were consistent. The IR spectra shows the typical 1500 cm-1, 1600 cm-1, and
1700 cm-1 peaks as well as an absence of the 1000 cm-1 peak showing that the final product
quality using each concentration is consistent. IR was not performed on the sample that was
obtained from using 0.5M NaOH because the low yield did not make it a reasonable option to
use for extraction as shown in figure 5. The yield was 10x lower than using 1M NaOH and the
savings from using a lower concentration of base do not justify obtaining a much lower yield of
product. There was not a significant difference between using 1M or 1.5M and since using a
lower concentration of NaOH will reduce the cost of the extraction, 1M seems to be the optimal
concentration.

Scanning electron microscope (SEM) was used to see the structure of the extracted
melanin using different NaOH concentrations as shown in appendix C figure 17. The
magnifications used were x5000 and x20000. From the images, the melanin samples do not
show noticeable contaminants or disruptions in overall material uniformity.

Acid reflux only

Figure 6: Extracted melanin from the original procedure and the acid reflux only procedure

Figure 6 compares the appearance of melanin that was extracted following the original
procedure to melanin that was extracted following the acid reflux only procedure. The melanin
is similar in color, both very dark almost black. The acid reflux only extracted melanin was a
fine powder similar to what is shown in figure 6 but also in figure 1. Based solely on
appearance, the acid reflux only extraction procedure seems like a reasonable procedure to
follow with much fewer steps which reduces the cost per extraction. The shorter total extraction

time also allows for more total extractions in the same time as compared to the original
procedure. The starting scraped and ball milled BKF powder weight that was used for this
procedure was 1000 mg and the extracted melanin weighed 388 mg or a yield of 38.8% which is
much higher than the 10% yield following the original procedure.
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Figure 7: IR for extracted melanin from the original procedure and 1M NaOH vs acid reflux only

The melanin that was extracted using the acid reflux only procedure had the same
appearance as previously extracted melanin but to test the quality of the melanin IR was
performed as shown in figure 7. The samples tested were the acid reflux only, original
procedure, and the 1M NaOH sample that was extracted when optimizing the NaOH
concentration. The peaks for the acid reflux only melanin show the typical peaks (1500 cm-1,
1600 cm-1, 1700 cm-1) that are examined for the presence of melanin as well as no peak at 1000
showing the absence of chitin in the sample. The similarity of the acid reflux only sample’s IR

to previous melanin samples as well as its visual similarity means this procedure could be a
much simpler extraction procedure to follow with a much higher yield. These results are
promising as long as further tests show that the quality of the final product is the same as the
samples from the original procedure.
SEM was performed to see the structure of the extracted melanin from the acid reflux
only procedure as shown in appendix C figure 18. The magnifications used were x5000 and
x20000. From the images, the melanin samples do not show noticeable contaminants or
disruptions in overall material uniformity. The images appear similar to the 1M NaOH SEM
images.
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RAMAN analysis was performed on the acid reflux only sample as well as the original
procedure sample as shown in figure 8 with the original procedure graphed on the secondary
axis. The peaks at 1300 and 1500 cm-1 are what is commonly seen with melanin5,9. The two

peaks along with the similarities between the known melanin sample peaks from the original
procedure further suggests that the acid reflux only procedure could be followed with the same
product quality and much higher yield than the original procedure.
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Figure 10: IR spectroscopy of acid reflux only melanin before and after UV testing

KBr pellets mixed with either the original procedure melanin or acid reflux only melanin
were exposed to 1.11 W/cm2 UV for 5 minutes. IR was performed before and after the exposure
to observe the changes as shown in figures 9 and 10. Melanin is expected to show a CO2 peak at
2300 when exposed to UV light5. Figure 9 clearly shows the 2300 cm-1 peak for melanin
extracted using the original procedure. Interestingly, the acid reflux only melanin also shows the
2300 cm-1 peak. This furthers helps to confirm that the acid reflux only procedure yields a
product that is apparently consistent with the known features of melanin.
Based on the tests performed, it can be concluded that the acid reflux only procedure is
worth further pursuit because of its apparent quality and high yield. Other tests could be
performed in future research to further confirm the presence of melanin in the acid reflux only
procedure such as NMR characterization and attenuation of x-ray.

Applications: UV absorbance
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Figure 11: UV absorbance of melanin in PVA films at different concentrations

Figure 11 shows the UV absorbance of melanin in PVA films at concentrations varying
from 0-1 mL of melanin. The UV range is 100-400 nm and it can be seen that in that range as
the concentration of melanin increases, the UV absorbance also increases. Since the extracted
melanin shows an ability to absorb UV, it is reasonable to conclude that this could be used in
applications requiring the use of protection against the damage of UV rays. One such application
could be in the cosmetic industry where not only is UV absorbance important for the protection
of the skin against damage but also the pigmented property of melanin could also be of use.
Synthetic melanin has also been used to create core-shell melanin nanoparticles to produce a
variety of structural colors12 because of its enhanced color purity. If the same could be done with
extracted melanin from BKF, the pigment of cosmetics would not have to be limited to dark
brown or black colors, the challenge of course, would be to improve the color purity.

Appendix B shows an additional analysis on the extraction of keratin from chicken
feathers using two different methods. This study was done for its use in future research on
melanin-keratin mixtures and their thermal applications.

Conclusion
The optimized extraction of melanin from BKF by following the acid reflux only
procedure seems to be successful according to the tests that were carried out. The yield is much
higher and there are fewer steps involved leading to reduced production cost per extraction of
product. The extracted melanin also shows higher UV absorbance as its concentration increases
leading to the confirmation that it could be used in applications requiring UV protection. The
keratin that was extracted could be combined with the extracted melanin to further study these
materials as they are found in nature.

Appendix A:

Figure 12: Process flow diagram for the original extraction procedure of melanin from BKF.

Figure 13: Process flow diagram for optimized extraction procedure of melanin from BKF

Appendix B
Applications with keratin
A keratin extraction procedure was also studied so that the keratin-melanin mixture
commonly found in nature could be examined in future research where extracted melanin is
mixed into a keratin matrix for thermal resistance studies.
The yield for 2-mercaptoethanol keratin was 43.6% whereas the sodium sulfite keratin
gave a slightly lower yield of 29.0%. Even though the 2-mercaptoethanol keratin extraction
method gave a higher yield, it’s IC50 value was higher than sodium sulfite keratin’s. The IC50
value, from previous research7, for 2-mercaptoethanol keratin was 8.21 ± 0.231 mg/mL and for
sodium sulfite keratin was much lower at 0.53 ± 0.061 mg/mL. The lower IC50 value for S.
keratin demonstrates greater scavenging activity since it is the concentration of antioxidant
required to reduce the original free radical amount by 50%7. The IR for 2-mercaptoethanol
keratin showed the expected 1220-1300 cm-1 due to C-N stretching and C=O bending vibrations
for amide III, 1520 cm-1 related to N-H bending and C-H stretching vibrations, and 1600-1700
cm-1 amide I bands due to C=O stretching vibrations7 as well as 1000-1200 cm-1 indicating the
presence of cysteine-S-sulfonated residues and cross linked residues7.
The keratin extraction method that should be chosen for future research depends on
whether a higher yield or greater scavenging ability is desired. If higher yield is desired, the 2mercaptoethanol method should be used whereas if a higher scavenging activity is desired, the
sodium sulfite method should be chosen.

Experimental methods
1.43 g of feathers were cut into small pieces and soaked in a 2:1 solution of chloroform
and methanol for two days as done in previous research with human hair to remove lipids6. The
feathers were then dried at 70 C for 15 min. The remaining procedure followed was from
previous research on the extraction of keratin from chicken feathers 7. Half the feathers were
added to a solution of 25 mL of water, 30 mg EDTA, 0.8 mg THAM, 8 g urea, 336 mg (about 15
drops) of 2-mercaptoethanol. The other half of the feathers were added to a solution of 25 mL of
water, 30 mg EDTA, 0.8 mg THAM, 8 g urea, and 1.25 g sodium sulfite. Both solutions were
incubated at 70 C for two days. The solutions were centrifuged at 7700 rpm for 20 min and the
supernatant was retained. They were then filtered through 2.5 µm pore size filter paper. The
solutions were dialyzed in a 4000 mL beaker in distilled water using a dialysis membrane for two
days at room temperature. The samples were then freeze dried for two days to obtain the final
products. The first time the samples were made, the 2-mercaptoethanol keratin was extracted.
The sample contained some moisture after freeze drying so half of the samples were put in the
oven to dry them. Half of them turned a dark brown color and the other remained a cream white
color. The extractions that were carried out after the first were not put in the oven at all.

Results

Figure 14: Extracted keratin samples using 2-mercaptoethanol and sodium sulfite

Figure 14 shows samples of keratin using either 2-mercaptoethanol or sodium sulfite
resulting in either M. keratin or S. keratin respectively. The yield for M. keratin was 43.6%
whereas the S. keratin gave a slightly lower yield of 29.0%. Even though the M. keratin
extraction method gave a higher yield, it’s IC50 value was higher than S. keratin’s. The IC50
value, from previous research7, for M. keratin was 8.21 ± 0.231 mg/mL and for S. keratin was
much lower at 0.53 ± 0.061 mg/mL. The lower IC50 value for S. keratin demonstrates greater
scavenging activity since it is the concentration of antioxidant required to reduce the original free
radical amount by 50%7. Melanin and keratin are commonly found together in nature and,
because melanin also has been shown to show free radical scavenging abilities1, their
combination could be further studied for those applications.

Figure 15: IR of extracted keratin samples using 2-mercaptoethanol and sodium sulfite

The IR shown in figure 15 is M. keratin without being put in the oven, S. keratin, M.
keratin that was put back in the oven and remained a white color, and M. keratin that was put in
the oven that had turned black.
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Figure 16: IR of extracted keratin samples using 2-mercaptoethanol

Figure 16 shows the IR spectra for M. keratin that was not put in the oven and M. keratin
that had stayed a white color or turned black after being put back in the oven. Keratin should
show peaks at 1220-1300 cm-1 due to C-N stretching and C=O bending vibrations for amide III,
1520 cm-1 related to N-H bending and C-H stretching vibrations, and 1600-1700 cm-1 amide I
bands due to C=O stretching vibrations7. M. keratin also typically shows two peaks in the range
of 1000-1200 cm-1 indicating the presence of cysteine-S-sulfonated residues and cross linked
residues7. Figures 15 and 16 show these peaks indicating the keratin that was extracted is
consistent with that found in literature7, figure 16 also has additional peaks in the range of 9001400 cm-1. Some of the peaks for M. keratin and S. keratin in figure 15 show negative peaks that
could be attributed to atmospheric gas in the sample but some of the typical keratin peaks
remain.

Appendix C
Varied concentrations of NaOH in the autoclave step

Figure 17: SEM of melanin using 1M and 1.5M NaOH

Acid reflux only procedure

Figure 18: SEM of melanin from acid reflux only procedure
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